Introduction
============

Ethanol has a toxic effect on the heart, resulting in cardiomyocyte damage. Long-term high intake of ethanol leads to a non-ischemic dilated cardiomyopathy termed alcoholic cardiomyopathy (ACM) ([@b1-mmr-19-04-3179]), which is characterized by cardiac hypertrophy and compensatory systolic dysfunction ([@b2-mmr-19-04-3179]). The apoptosis of cardiomyocytes serves an important role in the pathogenesis of ACM. X-linked inhibitor of apoptosis protein (XIAP) is a member of the inhibitor of apoptosis proteins (IAP) family and is the most potent known IAP protein in human tissues ([@b3-mmr-19-04-3179]--[@b5-mmr-19-04-3179]). MicroRNAs (miRs) are small RNA molecules whose length is 21--23 nucleotides. It is suggested that abnormalities in miR levels serve an important role in cardiac hypertrophy, pathological remodeling and the occurrence of heart failure ([@b6-mmr-19-04-3179]). In response to ethanol-induced cardiomyopathy, another study revealed abnormalities in the expression of multiple miRs in hypertrophic myocardial tissue, including miR-133a, miR-125 and miR-195 ([@b7-mmr-19-04-3179]), suggesting that ACM may be associated with the abnormal expression of certain miRs.

A previous study assessed ACM-associated miRs that are differentially expressed, which include miR-186-5p and miR-488-3p among others. TargetScan bioinformatics software predicted miR-186-5p-associated target genes (949 in total) and demonstrated that XIAP is a target gene of miR-186-5p. The study demonstrated that miR-186 binds to the XIAP 3′ untranslated region (UTR) and decreases its expression, thus regulating the expression levels of downstream target proteins including caspase 3, BCL2-associated agonist of cell death, cyclin D1 and microtubule affinity regulating kinase 2 ([@b8-mmr-19-04-3179]). XIAP may therefore be an important anti-apoptotic protein in human tissues. However, no studies have reported on its function in ethanol-induced cardiomyopathy, to the best of our knowledge.

In this experiment, the levels of apoptosis in ethanol-treated cardiomyocytes were first analyzed using flow cytometry. Modifications of the expression levels of miR-186-5p and XIAP were detected in ethanol-treated human AC16 cardiomyocytes, which were derived from left ventricular cells ([@b9-mmr-19-04-3179]). These results elucidated the specific molecular mechanisms of ethanol-induced cardiomyocyte apoptosis.

Materials and methods
=====================

### Materials

AC16 human cardiomyocytes, derived from left ventricular cardiomyocytes, were supplied by Guangzhou Shenglei Biological Technology Company (Guangzhou, China) and stored in the central laboratory of the First Affiliated Hospital of China Medical University (Liaoning, China). Anhydrous ethanol, which is the highly purified ethanol-water solution with an ethanol concentration of 99.5%, was obtained from Guoyao Group Industry Co., Ltd. (Beijing, China). F12/Dulbecco\'s modified Eagle\'s medium (DMEM) was purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The MTT kit and RNA extraction reagent TRIzol^®^ were purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). The reverse transcriptase reagent was obtained from Takara (Takara Bio, Inc., Otsu, Japan), Dharma FECT transfection reagent was obtained from Dharmacon (GE Healthcare Dharmacon, Inc., Lafayette, CO, USA), and the luciferase reporter gene plasmid vector (pmirGLO) was purchased from Shanghai gemma pharmaceutical technology Co., Ltd. miR-186-5p mimic/inhibitor was supplied by Guangzhou RiboBio Co., Ltd. (Guangzhou, China), miR-186 primer was supplied by Shanghai Bio-biology Company (Shanghai, China). The XIAP plasmid, the quantitative polymerase chain reaction (qPCR) reagent SYBR^®^ Master Mix, Lipofectamine^®^ 3000, primary antibodies against Actin (cat. no. 3700) and XIAP (cat. no. 2042), and enhanced chemiluminescence (ECL) color kits were all obtained from Cell Signaling Technology, Inc. (Danvers, MA, USA), the luciferase reporter gene kit was supplied by Promega Corporation (Madison, WI, USA), and the Annexin V- fluorescein isothiocyanate (FITC)/Phycoerythrin (PE) Apoptosis Detection kit was supplied by BD Pharmingen (BD Biosciences, San Jose, CA, USA).

### AC16 myocardial cell culture and maintenance

The AC16 myocardial cells were cultured at 37°C in an incubator (Sanyo MCO-18AIC carbon dioxide incubator; Sanyo, Osaka, Japanese) containing 5% CO~2~ to a density of \~90%, and the cells were rinsed with PBS. A solution of 0.25% trypsin in PBS was used to digest the cells and to examine the cell state. When the cells became round and bright, the cells were detached from the wall of the culture bottle using a dropper, and 5 ml DMEM was added to terminate the reaction. The cell mixture was collected in 15 ml sterile test tubes using a dropper. The solution was centrifuged at 1,000 × g and room temperature for 5 min. The supernatant was discarded, and the cells were counted. The cell culture bottles were placed under the microscope to observe cell morphology and density, and the best results were achieved when cell density reached 80--90%.

### Flow cytometry

Previous studies have demonstrated that abnormal mitochondrial structures in cardiomyocytes may be observed in patients or animal models with alcoholic cardiomyopathy; these manifest as a reduction in the number of mitochondria, swelling of the mitochondria, along with disorganization and reduction or elimination of the cristae ([@b10-mmr-19-04-3179],[@b11-mmr-19-04-3179]). Based on our preliminary experiments, 200, 400 and 800 mmol/l ethanol was applied to cardiomyocytes for different durations (24 or 48 h) in order to prepare the smears for electron microscopy. The ultrastructures of AC16 cardiomyocytes were observed under electron microscopy (Olympus CX41; Olympus Corporation, Tokyo, Japan) and compared with the characteristics of human cardiomyocytes of ACM from the literature, with the goal of determining the ideal culture time required for model establishment. The mitochondrial structures of cardiomyocytes from patients with ACM and animal models were observed under the electron microscope, and were revealed to be abnormal, which showed that the number of mitochondria decreased markedly, the volume of mitochondria increased, the structures of the mitochondrial ridge were disordered, and sometimes the structure of mitochondrial ridge disappeared along with vacuolar changes ([@b12-mmr-19-04-3179],[@b13-mmr-19-04-3179]). As a result, it was determined that the effects of 200 and 800 mmol/l on cardiomyocytes for 24 and 48 h were suitable for this experiment.

During the logarithmic growth phase, the cells were incubated in 6-well culture plates. When the cell density reached 60--70%, ethanol was added to the culture plates. The experiment was divided into 6 groups: 0 mmol/l, 24 h group and 48 h group; 200 mmol/l, 24 h group and 48 h group; and 800 mmol/l, 24 h group and 48 h group. The cells were continuously maintained at 37°C in a 5% CO~2~ incubator (Sanyo MCO-18AIC carbon dioxide incubator; Sanyo). Following treatment, the incubated plates were removed from the incubator, and cells extracted using 0.25% trypsin in PBS. Following centrifugation (1,000 × g at room temperature for 5 min) as aforementioned, the supernatant was removed. Following washing, 100 µl of 1X PLB binding buffer (Cell Signaling Technology, Inc.) was added to each tube, and the cells were flicked gently. Subsequently, 3 µl Annexin V-FITC/PI was added to each tube, which where flicked gently again and allowed to stand for 15 min under dark conditions. Approximately 200 µl of 1X binding buffer was added to each tube, and flow cytometry (FlowJo 7.6.2 Software; FlowJo LLC, Ashland, OR, USA) was used to detect and measure the levels of apoptosis.

### Fluorescence detection of target gene by dual-luciferase reporter gene

Using bioinformatics software (TargetScan7.1; [www.targetscan.org/vert_71/docs/help.html](www.targetscan.org/vert_71/docs/help.html); and miRanda database; [www.mirbase.org/](www.mirbase.org/)), the gene binding sequence of miR-186 was predicted to regulate XIAP, and the gene sequences of the XIAP 3′-UTR and the mutated (mut) XIAP 3′-UTR were designed and synthesized. The two types of synthetic gene fragment were cloned into luciferase reporter carriers of the pmirGLO to construct the wild-type carrier (pmirGLO-wt-XIAP-3′-UTR) and the mutant carrier (pmirGLO-mut-XIAP-3′-UTR). The sequence information were as follows: mut XIAP 3′-UTR,5′-UCAUCUGGAUUUUUUUAAGAAAU-3′, pmirGLO-wt-XIAP-3′-UTR,5′-UCAUCUGGAUUUUUUAUUCUUUU-3′ and pmirGLO-mut-XIAP-3′-UTR, 5′-UCAUCUGGAUUUUUUUAAGAAAU-3′.

The two recombinant carrier plasmids were co-transfected into AC16 cardiomyocytes with miR-186 mimic (1.2 µg) or miR-186-negative control (mimic control; 1.2 µg) using a transfection reagent Lipofectamine^®^ 3000, respectively. The sequence information for the miR-186-5p mimics was as follows: Forward, 5′-GCGCTAAGGCACGCGGT-3′ and reverse, 5′-CAGTGCAGGGTCCGAGGT-3′.

The transfections of the miR and pmirGlo into the cardiomyocyte culture was processed in groups of four as follows: Co-transfection of miR-186-5p mimic control and pmirGLO-wt-XIAP-3′-UTR; co-transfection of miR-186-5p mimic and pmirGLO-wt-XIAP-3′-UTR; co-transfection of miR-186-5p mimic control and pmirGLO-mut-XIAP-3′-UTR; co-transfection of miR-186-5p mimic and pmirGLO-mut-XIAP-3′-UTR. Luciferase activity was measured 48 h post-transfection using a luciferase assay kit (Shanghai Gemma Pharmaceutical Technology Co., Ltd., Shanghai, China) and normalized to *Renilla* luciferase activity.

### Cell transfection

When the cells had been digested, they were evenly inoculated into 6-well culture plates and continuously cultivated. When the cultures grew to a unilaminar density of 70%, they were starved for 2 h with serum-free medium. The transfection mixture was composed of \~100 µl serum-free medium, 4.5 µl transfection reagent (Lipofectamine^®^ 3000) and 1.2 µg plasmid, which were incubated for 15 min. This mixture was added to the wells by dripping with a micropipette, and the plates were incubated (37°C, 5% CO~2~) for 5 h. The transfection medium was removed, and the complete medium containing 10% fetal bovine serum (Cell Signaling Technology, Inc.) was added. Cells were maintained in 37°C constant temperature incubator (5% CO~2~ for 24 h) for the follow-up tests.

### Western blotting

Protein lysis was used to extract proteins from cells using the radioimmunoprecipitation assay buffer with 1 mmol/l phenylmethylsulfonyl fluoride (Cell Signaling Technology, Inc.) on ice and quantified using the Bradford method. Protein samples were prepared using SDS-PAGE protein loading buffer, and 20 µg protein was added to each gel lane. The gel concentrations used in this experiment were 5% for the concentrated gel, and 10% for the separation gel. The loading volume of the sample fluid in each well was 15 µl. Finally, 5 µl protein standard was added to each of the left- and right-side sample wells. The electrodes were connected, and the voltage was adjusted to 80 V. When the leading edge of the protein marker was transferred from the concentrated gel to the separating gel, the voltage was adjusted to 120 V. Electrophoresis was performed with constant voltage. The segregated condition of the protein marker was examined, and electrophoresis was stopped; the sample was placed on ice and 100 V was applied, and it was transferred a polyvinylidene fluoride membrane (EMD Millipore, Billerica, MA, USA) for 90 min. The membrane was blocked with 1.5% bovine serum albumin (BSA; Cell Signaling Technology, Inc.) at room temperature for 2 h. Primary anti-XIAP (1:1,000) and anti-Actin (1:400) were diluted with 1.5% BSA and incubated overnight at 4°C. The membrane was incubated with the a horseradish peroxidase-conjugated secondary antibody (cat. no. 4410; Cell Signaling Technology, Inc.; 1:10,000) at 37°C for 2 h and then washed with Tris Buffered Saline-Tween (0.05%; Cell Signaling Technology, Inc.) using a shaking bed 3 times (5 min/wash). The ECL kit was used to develop the membrane, and the results were analyzed using a BioImaging System (ChemiDoc™; Bio-Rad, Laboratories, Inc., Hercules, CA, USA) to display fluorescence imaging of antigen and antibody responses.

### Reverse transcription-qPCR (RT-qPCR)

PCR was performed using the TRIzol^®^ one-step method to extract total RNA from cardiomyocytes. In brief, 1 µg total RNA was used to synthesize cDNA in 20 µl of RT system; 0.5 µl cDNA and the target gene upstream and downstream primers were added. PCR amplification was performed in a 20 µl reaction volume. The thermocycling conditions used were 45 cycles of 37°C for 30 min and 85°C for 5 min. The primer sequences used were as follows: miR-186 forward, 5′-GCGCTAAGGCACGCGGT-3′, and reverse, 5′-CAGTGCAGGGTCCGAGGT-3′; XIAP forward, 5′-GGCACGAGCAGGGTTTCTT-3′ and reverse, 5′-TCCAACTGCTGAGTCTCCATATTG-3′; β-actin forward, 5′-ATAGCACAGCCTGGATAGCAACGTAC-3′ and reverse, 5′-CACCTTCTACAATGAGCTGCGTGTG-3′. The amplification and dissolution curve were confirmed. Relative expression of genes was measured using the 2^−ΔΔcq^ method ([@b14-mmr-19-04-3179]).

### Statistical analysis

The software used for statistical analysis of the data was SPSS 16.0 (SPSS Inc., Chicago, IL, USA). Data were presented as the mean ± standard deviation of 3 repeated experiments and analyzed using one-way analysis of variance method, which was used for the comparison of multiple groups. Dunnett\'s test was used for the post hoc comparisons between groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Ethanol-induced apoptosis in AC16 cardiomyocytes

In the present study, the mitochondrial structures of ethanol-treated cardiomyocytes under electron microscopy revealed that the number of mitochondria decreased markedly, the volume of mitochondria increased, the structures of the mitochondrial ridge were disordered, and sometimes the structure of mitochondrial ridge disappeared along with vacuolar changes (data not shown); these results were consistent with those of previous studies ([@b12-mmr-19-04-3179],[@b13-mmr-19-04-3179]). AC16 cardiomyocytes were exposed to different ethanol concentrations (0, 200 and 800 mmol/l) for different durations (24 and 48 h), and analyzed the changes in the levels of apoptosis for each ethanol concentration and duration of time using flow cytometry. As presented in [Fig. 1](#f1-mmr-19-04-3179){ref-type="fig"}, following ethanol treatment, the levels of apoptosis in AC16 cardiomyocytes increased compared with the control group, which was dependent on ethanol concentration and duration. The levels of apoptosis increased with the increase in ethanol concentration and duration of action.

### XIAP is a direct target gene of miR-186-5p

The bioinformatics software Target Scan7.1 database predicted that the 332--338 base position of the 3′-UTR of the XIAP gene mRNA is a possible binding site for miR-186-5p. Moreover, the complementary binding sequence between miR-186-5p and the 3′-UTR of the XIAP gene mRNA was also identified in the miRanda database. Compared with the miR-186 complementary binding sequence, the binding stability between miR-186-5p and XIAP is better, thus miR-186-5p may downregulate the expression of XIAP.

To further confirm whether XIAP is a direct target gene for miR-186-5p, the dual-luciferase reporter gene assay and RT-qPCR for target gene verification were performed. Firstly, a wild-type pmirGLO-wt-XIAP-3′-UTR and a mutant pmirGLO-wt-XIAP-3′-UTR were constructed and transfected into AC16 cardiomyocytes along with either a miR-186-5p mimic control or miR-186-5p mimic ([Fig. 2](#f2-mmr-19-04-3179){ref-type="fig"}). The results indicated that fluorescence intensity in the group with the wild-type pmirGLO-wt-XIAP-3′-UTR combined with miR-186-5p mimic significantly decreased (P\<0.05) compared with the other three groups, and no significant differences were observed in fluorescence intensity between the other three groups (P\>0.05). Therefore there may be a direct binding site of miR-186 on the 3′-UTR of XIAP and miR-186 may inhibit the expression of XIAP. Therefore, XIAP is a direct target of miR-186.

### Ethanol intake upregulates the expression of miR-186-5p in AC16 cardiomyocytes

AC16 cardiomyocytes were treated with ethanol, and the expression levels of miR-186-5p in the cells were detected by RT-qPCR. Expression levels of miR-186-5p differed between the ethanol treatment and control groups (P\<0.05), increasing with the higher ethanol concentrations ([Fig. 3A](#f3-mmr-19-04-3179){ref-type="fig"}) and with longer treatment durations ([Fig. 3B](#f3-mmr-19-04-3179){ref-type="fig"}). Therefore, increases in ethanol concentration and length of exposure led to the upregulation of miR-186 expression in AC16 cardiomyocytes.

### Ethanol intake downregulates the expression levels of the apoptosis-associated protein XIAP in AC16 cardiomyocytes

In order to ascertain the specific mechanism of ethanol-induced apoptosis in cardiomyocytes, the levels of apoptosis-associated markers were detected in AC16 cardiomyocytes treated with ethanol by western blotting. The results ([Fig. 4A and B](#f4-mmr-19-04-3179){ref-type="fig"}) demonstrated that ethanol treatment reduced the protein levels of XIAP in AC16 cardiomyocytes, and the decrease was dependent on ethanol concentration and duration of exposure.

Similarly, the mRNA level of XIAP in ethanol-treated AC16 cardiomyocytes was detected by RT-qPCR. The results ([Fig. 4C and D](#f4-mmr-19-04-3179){ref-type="fig"}) confirmed that the expression levels of XIAP significantly decreased between ethanol treatment groups and control group (P\<0.05), and that XIAP levels further reduced with the increase in ethanol concentration and duration of treatment. It is suggested that ethanol may downregulate the mRNA expression levels of XIAP in AC16 cardiomyocytes, and this downregulation is dependent on ethanol concentration and length of ethanol exposure.

### Transfection of miR-186 mimic/inhibitor and XIAP upregulates the expression levels of miR-186 mimic and XIAP, and downregulates the expression levels of miR-186 inhibitor in AC16 cardiomyocytes

miR-186-5p mimic/inhibitor and XIAP vectors were transfected into AC16 cardiomyocytes through transient transfection. RT-qPCR and western blotting were used to detect the expression levels of miR-186-5p and XIAP in the cells. The results ([Fig. 5](#f5-mmr-19-04-3179){ref-type="fig"}) were as follows: The mRNA expression levels of miR-186-5p increased in cells following transfection with miR-186-5p mimic, and decreased in cells following transfection with miR-186-5p inhibitor ([Fig. 5A](#f5-mmr-19-04-3179){ref-type="fig"}). The differences were significant compared with the control group (where the miR mimic control served as the control group; P\<0.05); the mRNA expression levels ([Fig. 5B](#f5-mmr-19-04-3179){ref-type="fig"}) and protein levels ([Fig. 5C](#f5-mmr-19-04-3179){ref-type="fig"}) of XIAP increased in the cells after transfection with the XIAP vector. The differences in mRNA expression were significant compared with the control group (P\<0.05). Thus, transfections with either the miR-186 mimic/inhibitor or XIAP in AC16 cardiomyocytes were successful.

### miR-186-5p may be involved in the ethanol-induced apoptosis of AC16 cardiomyocytes

In previous sections, it was demonstrated that ethanol treatment increased the apoptosis levels of AC16 cardiomyocytes and upregulated the expression levels of miR-186-5p. In order to investigate the role of miR-186-5p in the process of ethanol-induced apoptosis of cardiomyocytes, AC16 cardiomyocytes were treated with ethanol (800 mmol/l), and alterations in apoptosis levels were examined using flow cytometry. While miR-186-5p mimic was transfected into AC16 cardiomyocytes prior to ethanol treatment (800 mmol/l for 24 h), and the levels of apoptosis further increased. The results demonstrate that ethanol induced cardiomyocyte apoptosis and the levels of apoptosis further increased following transfection of miR-186-5p mimic ([Fig. 6](#f6-mmr-19-04-3179){ref-type="fig"}). Therefore, ethanol may induce cardiomyocyte apoptosis and miR-186-5p may further promote ethanol-induced cardiomyocyte apoptosis.

### Upregulation of XIAP inhibits the ethanol-induced apoptosis of AC16 cardiomyocytes

In order to further examine the role of XIAP in ethanol-induced apoptosis in the heart tissue, AC16 cardiomyocytes were treated with ethanol (800 mmol/l), and the levels of apoptosis were detected via flow cytometry. Meanwhile, the XIAP plasmid was transfected into AC16 cardiomyocytes prior to ethanol treatment (800 mmol/l), and the alterations in apoptosis levels were detected via flow cytometry. The results were as follows: The apoptosis levels of ethanol-treated AC16 cardiomyocytes increased, but the apoptosis levels decreased following transfection with the XIAP plasmid ([Fig. 7](#f7-mmr-19-04-3179){ref-type="fig"}). Thus, ethanol may induce cardiomyocyte apoptosis and XIAP may partially reverse the ethanol-induced apoptosis of cardiomyocytes.

### miR-186-5p regulates the expression of XIAP in AC16 cardiomyocytes

According to the aforementioned experiments, miR-186-5p and XIAP may serve a role in the apoptosis of ethanol-treated AC16 cardiomyocytes. The dual-luciferase reporter gene experiment detected that miR-186-5p may be directly combined with the 3′-UTR (332--338) of the XIAP mRNA and further inhibit the expression of XIAP directly. Therefore, it was hypothesized that XIAP may be a target gene for miR-186-5p and thus regulate apoptosis in AC16 cardiomyocytes. To confirm this hypothesis, miR-186-5p mimic was transfected into AC16 cardiomyocytes to upregulated its expression, and the protein and mRNA expression levels of XIAP in these cells was detected using western blotting and RT-qPCR, respectively.

The western blotting data demonstrated that AC16 cardiomyocyte transfection with miR186-5p mimic followed by treatment with ethanol (800 mmol/l, 24 h) upregulated the expression levels of miR-186-5p, causing a decrease in the protein levels of XIAP ([Fig. 8A](#f8-mmr-19-04-3179){ref-type="fig"}). In addition, AC16 cardiomyocytes were transfected with miR-186-5p inhibitor and treated with ethanol (800 mmol/l, 24 h), thereby downregulating the expression levels of miR-186-5p, and causing the protein expression levels of XIAP to increase ([Fig. 8B](#f8-mmr-19-04-3179){ref-type="fig"}).

Similarly, RT-qPCR was used to detect the mRNA expression levels of XIAP in the cells. The results were as follows: AC16 cardiomyocytes transfected with miR186-5p mimic were treated with ethanol (800 mmol/l, 24 h), which upregulated the expression levels of miR-186-5p, causing a significant decrease in the mRNA expression levels of XIAP (P\<0.05; [Fig. 8C](#f8-mmr-19-04-3179){ref-type="fig"}); AC16 cardiomyocytes transfected with miR-186-5p inhibitor were treated with ethanol (800 mmol/l, 24 h), downregulating the expression levels of miR-186-5p, but causing a significant increase in the mRNA expression levels of XIAP (P\<0.05; [Fig. 8D](#f8-mmr-19-04-3179){ref-type="fig"}). Therefore, miR-186-5p may decrease the expression levels of XIAP in ethanol-treated AC16 cardiomyocytes, and the introduction of the miR-186-5p inhibitor partially reversed this phenotype, resulting in higher expression levels of XIAP in ethanol-treated cardiomyocytes.

Discussion
==========

ACM refers to myocardial lesions characterized by hypertrophy of the heart, arrhythmia, and congestive heart failure caused by long-term ingestion of large amounts of ethanol. A study demonstrated that drinking \>90--120 g per day for 5--15 years may increase the risk of cardiac structural and functional modifications ([@b15-mmr-19-04-3179]). Data have demonstrated that the number of people who succumb to excessive drinking is rising year by year ([@b16-mmr-19-04-3179]). Therefore, more research is required to elucidate the pathogenesis of alcoholic cardiomyopathy to allow for better early diagnosis and treatment. However, the pathogenesis of ACM remained to be clarified.

Various studies have analyzed the pathogenesis of ACM, which includes cardiac toxicity induced by the principal metabolites of ethanol ([@b17-mmr-19-04-3179],[@b18-mmr-19-04-3179]), apoptosis ([@b19-mmr-19-04-3179]), mitochondrial dysfunction ([@b20-mmr-19-04-3179]) and abnormal energy metabolism of cardiomyocytes, nutrient imbalance, ventricular remodeling ([@b21-mmr-19-04-3179],[@b22-mmr-19-04-3179]), disorders of the neurohumoral system ([@b23-mmr-19-04-3179],[@b24-mmr-19-04-3179]), abnormal cell signal transduction and immunological and inflammatory reactions ([@b25-mmr-19-04-3179]). Studies have reported that ethanol-induced apoptosis serves a key role in the pathogenesis of ACM ([@b26-mmr-19-04-3179]--[@b29-mmr-19-04-3179]). A study on the mechanism of ethanol-induced cardiomyocyte apoptosis demonstrated that the levels of tumor necrosis factor-α, the apoptotic protein Bcl-2-associated X and caspase-3 are significantly increased in ACM ([@b30-mmr-19-04-3179]). In the present study, AC16 cardiomyocytes were treated with ethanol and its effects on apoptosis analyzed. The results demonstrated that the levels of apoptosis increased following treatment with ethanol. With the prolongation of ethanol treatment time, the cardiomyocyte apoptosis increased. These results are consistent with previous studies ([@b31-mmr-19-04-3179]--[@b34-mmr-19-04-3179]).

In recent years, studies on miRs have focused on disease processes, including pathogenesis, development and prognosis. By the end of 2006, scientists were realizing that miRs serve important roles in the pathological development of various heart diseases, and important progress on myocardial hypertrophy, arrhythmia, heart failure and other diseases was achieved ([@b35-mmr-19-04-3179]). This caused miRs to become an important research focus in the field of cardiovascular disease, at home and abroad. Notably, Zhang *et al* ([@b36-mmr-19-04-3179]) investigated the effects of miR-186 overexpression or inhibition on the apoptosis of A549 cells, and demonstrated that the significant downregulation of miR-186 expression was associated with curcumin-induced apoptosis. Based on these research findings, it may be determined that miR-186 has a complex association with apoptosis, and its varying roles in apoptosis may be associated with the regulation of different downstream signaling pathways or with the existence of different subtypes of miR-186.

The goal of this study was to investigate whether the expression of miR-186-5p is associated with alcohol-induced apoptosis of AC16 cardiomyocytes. In our previous experiment (Liu *et al*, unpublished data), the expression levels of partial miRs, such as miR-133a, miR-125, miR-195, miR-186-5p and miR-488-3p, in ethanol-treated cardiomyocytes were screened, and it was observed that the expression levels of miR-186-5p increased significantly. In the present study, transfecting miR-186-5p mimic into the ethanol-treated cardiomyocytes led to the upregulation of miR-186-5p, causing the level of apoptosis to further increase. Thus, it may be that miR-186-5p serves an important role in promoting the ethanol-induced apoptosis of cardiomyocytes.

XIAP is a member of the IAP family, and the most potent known IAP protein in human tissues ([@b3-mmr-19-04-3179]--[@b6-mmr-19-04-3179]). XIAP is able to inhibit apoptosis induced by viral infection ([@b37-mmr-19-04-3179]) or by the overexpression of caspase family proteins ([@b38-mmr-19-04-3179]). In the present study, the expression levels of XIAP in ethanol-treated AC16 cardiomyocytes were observed to be decreased. In order to further confirm whether XIAP serves a role in the process of ethanol-induced cardiomyocyte apoptosis, the expression levels of XIAP were upregulated via plasmid transfection. As a result, cardiomyocyte apoptosis was reduced following ethanol treatment and compared with untransfected ethanol-treated cardiomyocytes. Therefore, XIAP may inhibit alcohol-induced cardiomyocyte apoptosis.

Abnormal expression levels of miR-186-5p and XIAP were simultaneously detected in ethanol-treated cardiomyocytes. Moreover, through the dual-luciferase reporter gene experiment, the fluorescence intensity of the group of wild-type pmirGLO-wt-XIAP-3 ′UTR in combination with miR-186-5p mimic was observed to be decreased compared with the other three groups, a finding which was substantiated by RT-qPCR. Thus, there may be a direct site on the 3′-UTR region of XIAP, which may allow interactions with miR-186-5p, and miR-186-5p may target XIAP to inhibit its expression. To verify this hypothesis, AC16 cardiomyocytes transfected with miR186-5p mimic were treated with ethanol (800 mmol/l, 24 h), which upregulated the expression levels of miR-186-5p, and observed that XIAP was downregulated at the protein and mRNA levels. However, XIAP was upregulated at the protein and gene levels in cardiomyocytes following transfection of miR-186-5p inhibitor and then treatment with ethanol (800 mmol/l, 24 h). Therefore, XIAP is a direct target gene of miR-186-5p, and miR-186-5p along with XIAP may control the process of ethanol-induced apoptosis in cardiomyocytes. The present study further elucidated the pathogenesis of ACM. A limitation of the present study is that a control experiment in non-myocardial cells is lacking. As this research work focused on the study of ACM, no non-myocardial cell lines were available. This will be improved upon in future experiments.

In conclusion, ethanol intake may have caused the apoptosis of AC16 cardiomyocytes, and the apoptosis levels were dependent on ethanol dose and duration of action. In terms of the specific mechanism of action, it was indicated that the expression levels of miR-186-5p were upregulated, and the expression levels of XIAP were downregulated in cardiomyocytes following ethanol treatment. XIAP may be a target gene of miR-186, and together may regulate the process of ethanol-induced apoptosis in cardiomyocytes. This study provides a novel therapeutic target for the prevention and treatment of ACM.
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![Flow cytometry analyses of the apoptosis levels following ethanol treatment. Q4-1, necrotic cells and mechanically injured cells; Q4-2, late-stage apoptotic cells; Q4-3, living cells; Q4-4, early-stage apoptotic cells. The 0 mmol/l (24 or 48 h) groups were the control group, while 200 mmol/l (24 or 48 h) and 800 mmol/l (24 or 48 h) groups were the experimental groups. The results demonstrated that the level of apoptosis in AC16 cardiomyocytes increased following ethanol treatment compared with the control groups, and this was dependent on ethanol concentration and length of ethanol exposure. PE, phycoerythrin.](MMR-19-04-3179-g00){#f1-mmr-19-04-3179}

![Luciferase reporter gene experiment verifying that XIAP is a direct target of miR-186-5p. The results indicated that fluorescence intensity in the wild-type pmirGLO-wt-XIAP-3′-UTR combined with miR-186-5p mimic group significantly decreased compared with the other three groups and no significant difference were observed in fluorescence intensity between the other three groups. \*P\<0.05, as indicated. XIAP, X-linked inhibitor of apoptosis protein; UTR, untranslated region; miR, microRNA.](MMR-19-04-3179-g01){#f2-mmr-19-04-3179}

![Reverse-transcription quantitative polymerase chain reaction detects the mRNA expression levels of miR-186-5p in ethanol-treated AC16 cardiomyocytes. (A) The mRNA expression levels of miR-186-5p in ethanol-treated AC16 cardiomyocytes after 24 h intervention with different concentrations of ethanol. The 0 mmol/l treatment was the control group, and 200 and 800 mmol/l were the experimental groups. The mRNA expression levels of miR-186-5p differed between the experimental groups and the control group, increasing with higher concentrations of ethanol. (B) The mRNA expression levels of miR-186-5p in 800 mmol/l ethanol-treated AC16 cardiomyocytes following different time interventions. The 0 h was the control group, and 24 and 48 h were the experimental groups. The mRNA expression levels of miR-186-5p also differed between each experimental group and the control, and increasing with longer exposures to ethanol. \*P\<0.05 vs. the respective control group. miR, microRNA.](MMR-19-04-3179-g02){#f3-mmr-19-04-3179}

![Western blotting and reverse-transcription quantitative polymerase chain reaction to detect the expression levels of XIAP in ethanol-treated AC16 cardiomyocytes. (A) Protein expression levels of XIAP in ethanol-treated AC16 cardiomyocytes after 24 h intervention with different concentrations of ethanol. The 0 mmol/l treatment was the control group, and the 200 and 800 mmol/l were the experimental groups. The protein levels of XIAP differed between the experimental groups and the control group, decreasing in the experimental groups. (B) Protein expression levels of XIAP in 800 mmol/l ethanol-treated AC16 cardiomyocytes following different time interventions. The 0 h treatment was the control group, and the 24 and 48 h groups were the experimental ones. The protein expression levels of XIAP differed between the experimental groups and the control group, decreasing following ethanol treatment. (C) mRNA expression levels of XIAP in ethanol-treated AC16 cardiomyocytes after 24 h intervention with different concentrations of ethanol, and (D) mRNA expression levels of XIAP in 800 mmol/l ethanol-treated cardiomyocytes after different time interventions. The 0 mmol/l group was the control group, and 200 and 800 mmol/l were the experimental groups. The expression levels of XIAP differed between the experimental groups and the control group, decreasing in the experimental groups with increasing ethanol concentrations and longer treatment times. \*P\<0.05 vs. the respective control group. XIAP, X-linked inhibitor of apoptosis protein; miR, microRNA.](MMR-19-04-3179-g03){#f4-mmr-19-04-3179}

![RT-qPCR and western blotting detect the expression levels of miR-186-5p or XIAP in cardiomyocytes following transfection with miR-186 mimic/inhibitor or XIAP plasmid. (A) RT-qPCR determined that the mRNA expression levels of miR-186-5p in AC16 cardiomyocytes increased following transfection with miR-186-5p mimic, while decreasing following transfection with miR-186-5p inhibitor. \*P\<0.05 and \*\*P\<0.01 vs. Con. (B) RT-qPCR was used to analyze the mRNA expression levels of XIAP in AC16 cardiomyocytes, demonstrating an increase following transfection with XIAP plasmid. \*\*P\<0.01 vs. Con. (C) Western blotting was used to assess the levels of XIAP protein in AC16 cardiomyocytes, once again illustrating an increase following transfection with the XIAP plasmid. RT-qPCR, reverse-transcription quantitative polymerase chain reaction; XIAP, X-linked inhibitor of apoptosis protein; miR, microRNA; Con, control.](MMR-19-04-3179-g04){#f5-mmr-19-04-3179}

![Transfecting miR-186-5p mimic affects the levels of ethanol-induced apoptosis of cardiomyocytes. Q2-1, necrotic cells and mechanically injured cells; Q2-2, late-stage apoptotic cells; Q2-3, living cells; Q2-4, early-stage apoptotic cells. The apoptosis levels of ethanol (800 mmol/l, 24 h)-treated AC16 cardiomyocytes increased, while the apoptosis levels further increased following transfection with the miR-186-5p mimic plasmid. miR, microRNA; FITC, fluorescein isothiocyanate; PE, phycoerythrin.](MMR-19-04-3179-g05){#f6-mmr-19-04-3179}

![Transfecting the XIAP plasmid reduces the levels of ethanol-induced apoptosis of cardiomyocytes. Q2-1, necrotic cells and mechanically injured cells; Q2-2, late-stage apoptotic cells. Q2-3, living cells; Q2-4, early-stage apoptotic cells. The apoptosis levels of ethanol (800 mmol/l, 24 h)-treated AC16 cardiomyocytes increased, but the apoptosis levels decreased following transfection with the XIAP plasmid. XIAP, X-linked inhibitor of apoptosis protein; FITC, fluorescein isothiocyanate; PE, phycoerythrin.](MMR-19-04-3179-g06){#f7-mmr-19-04-3179}

![Western blotting and reverse-transcription quantitative polymerase chain reaction to detect the expression levels of XIAP in cardiomyocytes transfected with miR-186 mimic/inhibitor. (A) The protein expression levels of XIAP in ethanol (800 mmol/l, 24 h)-treated AC16 cardiomyocytes decreased following transfection with miR-186-5p mimic into cells. (B) The protein expression levels of XIAP in ethanol (800 mmol/l, 24 h)-treated AC16 cardiomyocytes increased following transfection with miR-186-5p inhibitor into cells. (C) The mRNA expression levels of XIAP in ethanol (800 mmol/l, 24 h)-treated AC16 cardiomyocytes decreased following transfection miR-186-5p mimic into cells. \*P\<0.05 vs. miR con. (D) The mRNA expression levels of XIAP in ethanol (800 mmol/l, 24 h)-treated AC16 cardiomyocytes increased following transfection with miR-186-5p inhibitor into cells. \*P\<0.05, as indicated. XIAP, X-linked inhibitor of apoptosis protein; miR, microRNA; con, control.](MMR-19-04-3179-g07){#f8-mmr-19-04-3179}
